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CONVERSION FACTORS

Metric units are used in this report. For readers who prefer inch- 
pound units, the conversion factors for the terms used in this report 
are listed below.

Multiply By To obtain

cm (centimeter) 0.3937 inch
km (kilometer) 0.6214 mile
m2 (meter) 3.281 foot
m (square meter) 10.76 square foot
mm (millimeter) 0.03937 inch

TRADE NAMES

The use of brand or trade names in this report is for 
identification purposes and does not imply endorsement by the U.S. 
Geological Survey.



PHYSICAL AND CHEMICAL PROPERTIES OF SAN FRANCISCO BAY, CALIFORNIA, 1980

By Allan Y. Ota, Laurence E. Schemel, and Stephen W. Hager

ABSTRACT

The U.S. Geological Survey conducted hydrologic investigations in both 
the deep-water channels and the shallow-water regions of the San Francisco Bay 
estuarine system during 1980. Cruises were conducted regularly, usually at 
two-week intervals. Physical and chemical properties of the water column were 
measured at regularly-occupied stations. Measurements of physical and 
chemical properties presented in this report include temperature, salinity, 
suspended particulate matter, turbidity, extinction coefficient, partial 
pressure of CO* , partial pressure of oxygen, dissolved organic carbon, 
particulate organic carbon, discrete chlorophyll-a, fluorescence of 
photosynthetic pigments, dissolved silica, dissolved phosphate, nitrate plus 
nitrite, nitrite, ammonium, dissolved inorganic nitrogen, dissolved nitrogen, 
dissolved phosphorus, total nitrogen, and total phosphorus. Analytical 
methods are described.



INTRODUCTION

The U.S. Geological Survey conducted hydrologic investigations in both 
the deep-water channels and the shallow-water embayments of the San Francisco 
Bay estuarine system during 1980. Sampling cruises were scheduled regularly 
during the year, usually at two-week intervals (table 1), during each of which 
a suite of physical, chemical, and biological variables was measured (table 
2). This report presents the physical and chemical measurements made at 
regularly-occupied locations in the estuary (tables 3a and 3b) during these 
sampling cruises. Similar data collected at additional locations and times 
during 1980 have been reported by Dedini and others (1981) and Schemel (1984 
a,b). The biological data are described in the following reports: Ambler and 
others (1985) for zooplankton, Wong and Cloern (1982) for phytoplankton 
species and abundances, and Cole and others (1986) for phytoplankton 
productivity.
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METHODS

Two vessels were used in this study. The R/V Polaris occupied deep- 
water stations along the main channel, and a shallow-draft vessel, the R/V 
Estero. occupied stations in the shallow-water areas of the bay. Transect 
lines showing the location of sample stations which correspond to locations 
listed in tables 3a and 3b are shown in figures la and Ib.

Physical properties and concentrations of dissolved and particulate 
substances in water obtained through intakes near the bow of each vessel were 
measured continuously, and discrete samples for additional measurements and 
for calibration of continuously-measuring instruments were collected at 
specific locations. The bow intake was about 2 meters below the surface on 
the R/V Polaris. and about 1 meter below the surface on the R/V Estero. A 
submersible pump aboard the Polaris was used to obtain water at deeper depths. 
Details of the pumping systems and the continuously-measuring instruments on 
both vessels are documented by Schemel and Dedini (1979) and Dedini and 
Schemel (1980). Continuous measurements on the R/V Polaris were temperature 
at the bow or submersible pump intakes, salinity, turbidity, pH and the sample 
temperature in the pH flow cell, the partial pressure of carbon dioxide, the 
partial pressure of oxygen, and chlorophyll a fluorescence. A reading was 
made at each station mark for each continuous measurement. Discrete samples 
were collected for measurements of dissolved nutrients, total nutrients, 
chlorophyll-a, dissolved and particulate organic carbon, and suspended 
particulate matter. Extinction coefficients were measured when the vessel was 
anchored on station. Comparable continuous and discrete sample measurements 
were made on the R/V Estero. A major difference was that concentrations of 
dissolved inorganic nutrients were continuously measured on the R/V Estero.



Table 1. Cruise dates during 1980

Cruise 
Number

1
1
1
1
2
2
3
3
3
3
4
4
5
6
6
6
6
7
7
7
7
8
8
8
8
9
9
9
9

10
10
10
10
11
11
11
11
12
12
12
12
13
13

Calendar 
Date

8 Jan 80
8 Jan 80
9 Jan 80
9 Jan 80

23 Jan 80
24 Jan 80
5 Feb 80
5 Feb 80
6 Feb 80
6 Feb 80

20 Feb 80
20 Feb 80
27 Feb 80
4 Mar 80
4 Mar 80
5 Mar 80
5 Mar 80

18 Mar 80
18 Mar 80
19 Mar 80
19 Mar 80
8 Apr 80
8 Apr 80
9 Apr 80
9 Apr 80

22 Apr 80
22 Apr 80
23 Apr 80
23 Apr 80
7 May 80
7 May 80
8 May 80
8 May 80

21 May 80
21 May 80
22 May 80
22 May 80
4 Jun 80
4 Jun 80
5 Jun 80
5 Jun 80

17 Jun 80
17 Jun 80

Vessel

Polaris
Estero
Polaris
Estero
Polaris
Polaris
Polaris
Estero
Polaris
Estero
Polaris
Estero
Estero
Polaris
Estero
Polaris
Estero
Polaris
Estero
Polaris
Estero
Polaris
Estero
Polaris
Estero
Polaris
Estero
Polaris
Estero
Polaris
Estero
Polaris
Estero
Polaris
Estero
Polaris
Estero
Polaris
Estero
Polaris
Estero
Polaris
Estero

Cruise 
Number

13
13
14
14
14
15
15
15
15
16
16
16
16
17
17
17
17
18
18
18
18
19
19
19
19
20
20
20
20
21
21
21
21
22
22
22
22
23
23
23
23

Calendar 
Date

18 Jun 80
18 Jun 80
1 Jul 80
1 Jul 80
2 Jul 80

16 Jul 80
16 Jul 80
17 Jul 80
17 Jul 80
4 Aug 80
4 Aug 80
5 Aug 80
5 Aug 80

18 Aug 80
18 Aug 80
19 Aug 80
19 Aug 80
3 Sep 80
3 Sep 80
4 Sep 80
4 Sep 80

16 Sep 80
16 Sep 80
17 Sep 80
17 Sep 80
15 Oct 80
15 Oct 80
16 Oct 80
16 Oct 80
28 Oct 80
28 Oct 80
29 Oct 80
29 Oct 80
12 Nov 80
12 Nov 80
13 Nov 80
13 Nov 80
16 Dec 80
16 Dec 80
17 Dec 80
17 Dec 80

Vessel

Polaris
Estero
Polaris
Estero
Polaris
Polaris
Estero
Polaris
Estero
Polaris
Estero
Polaris
Estero
Polaris
Estero
Polaris
Estero
Polaris
Estero
Polaris
Estero
Polaris
Estero
Polaris
Estero
Polaris
Estero
Polaris
Estero
Polaris
Estero
Polaris
Estero
Polaris
Estero
Polaris
Estero
Polaris
Estero
Polaris
Estero



Table 2. Summary of measurements, abbreviations, and units.

Measurement Column Title Units

Station
Universal Transverse Mercator
Universal Transverse Mercator
Local time
Depth
Temperature at the sample intake
Salinity
Suspended particulate matter
Turbidity
Extinction coefficient
Sample temperature in pH flow cell
pH
Partial pressure of CO,,
Partial pressure of oxygen
Particulate organic carbon
Dissolved organic carbon
Discrete chlorophyll-a
Fluorescence of chlorophyll-a
Dissolved silica
Dissolved phosphate
Nitrate plus nitrite
Nitrite
Ammonium
Dissolved phosphate (discrete)
Dissolved nitrogen
Dissolved phosphorus
Total nitrogen
Total phosphorus

STA
UTM-NORTH
UTM-EAST
TIME
DEPTH
BOW TEMP
SALIN
SUS PAR MATTER
TURBIDITY
EXT COEF
SAMPLE TEMP
PH
PC02
OXYGEN
PAR ORG CARBON
DIS ORG CARBON
CHLOROPHYLL-A
FLUOR
SI02
P04
N03+N02
N02
NH3
DISCRET PHOSPH
DISSOLV NITROG
DISSOLV PHOSPH
TOTAL NITROG
TOTAL PHOSPH

Meters
Meters
Hours and minutes
Meters
Degrees Celsius
Practical Salinity
mg/L

1/m
Degrees Celsius

ppt by volume
percent
mg/L
mg/L
ug/L

uM 
uM 
uM 
uM 
uM 
uM 
uM 
uM 
uM 
uM



Table 3a. San Francisco Bay station locations, main channel, for R/V Polaris. 
(N.= north, W.= west, deg.= degrees, min.= minutes).

Station 
Area Number

Old Sac. River
Rio Vista
Toland's Landing
Winter Island
Chain Island
Pittsburgh
Simmon's Point
Middle Ground
Roe Island
Avon Pier
Martinez
Benicia
Crockett
Mare Island
Hercules
N. of Pinole Point
W. of Pinole Point
Pt. San Pablo
Red Rock
Raccoon Strait
Berkeley Pier
Golden Gate
Blossom Rock
Bay Bridge
Potrero Point
Hunter's Point
Candlestick Point
Oyster Point
San Bruno Shoal
San Francisco Airport
N. San Mateo Bridge
S. San Mateo Bridge
Redwood Creek
Coyote Hills
Ravenswood Point
Dumbarton Bridge
Newark Slough
Palo Alto
Calaveras Point

Sacramento River

RV

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

649
651
653
655
657

UTM 
N.

225.5
222.9
216.4
210.7
213.2
211.8
211.5
212.8
213.3
211.3
209.3
211.4
212.5
212.7
211.6
209.3
206.7
202.4
196.3
192.6
189.3
185.6
185.4
183.6
179.4
175.5
172.5
169.4
165.4
163.4
161.5
159.5
156.5
153.8
152.5
151.6
149.8
148.5
147.4

212.9
215.0
217.1
219.7
223.4

Station 
E.

- 616.8
- 614.9
- 610.0
- 601.8
- 600.4
- 598.4
- 593.4
- 589.5
- 584.7
- 579.3
- 574.5
- 572.5
- 569.5
- 564.6
- 560.4
- 555.7
- 552.5
- 549.5
- 548.3
- 550.6
- 553.1
- 546.5
- 552.4
- 555.5
- 556.5
- 558.5
- 558.3
- 559.5
- 560.5
- 562.5
- 564.4
- 566.7
- 571.4
- 574.4
- 576.5
- 577.5
- 580.6
- 581.5
- 582.7

- 605.6
- 608.5
- 612.1
- 613.9
- 614.9

N. Latitude 
Deg. Min.

38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37

38
38
38
38
38

10.7
8.9
5.2
2.4
3.8
3.0
2.9
3.6
3.9
2.9
1.8
3.0
3.6
3.7
3.1
1.9
0.5
58.2
54.9
52.9
51.1
49.1
49.0
48.0
45.7
43.6
42.0
40.3
38.2
37.1
36.0
34.9
33.3
31.8
31.1
30.6
29.6
28.9
28.3

3.6
4.7
5.8
7.2
9.2

W. Longitude 
Deg. Min.

121
121
121
121
121
121
121
121
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122

121
121
121
121
121

40.0
41.3
44.8
50.4
51.3
52.7
56.1
58.8
2.1
5.8
9.1

10.4
12.5
15.8
18.7
21.9
24.1
26.2
27.0
25.6
23.8
28.3
24.3
22.2
21.5
20.2
20.3
19.5
19.0
17.5
16.2
14.8
11.5
9.4
8.1
7.4
5.3
4.7
3.8

47.8
45.8
42.0
42.3
41.3



Table 3a. San Francisco Bay station locations, main channel, for R/V Polaris. 
(N.= north, W.= west, deg.*= degrees, min.= minutes)--continued.

Station 
Area Number

San Joaquin River 745
747
749
751
753
755
757
759

UTM 
N.

210.3
209.4
208.9
209.5
210.3
212.2
215.9
216.8

Station 
E.

- 598.3
- 601.9
- 605.5
- 609.1
- 612.6
- 615.2
- 616.1
- 616.0

N. Latitude 
Deg. Min.

38
38
38
38
38
38
38
38

2.3
1.7
1.4
1.7
2.1
3.1
5.1
5.6

W. Longitude 
Deg. Min.

121
121
121
121
121
121
121
121

52.8
50.3
47.9
45.4
43.0
41.2
40.6
40.6

10



Table 3b. San Francisco Bay station locations, shallow water, for R/V Estero. 
(N.~ north, W.~ west, deg.= degrees, min.= minutes).

Station 
Area Number

South Bay 102
104
106
108
110
112
114
116
118
120
122
124
126
128
130
132
134
136
138
140
142
144
146
148
150
152
154
156
158
160
162
164
166
168
170
172
174
176
178
180
182
184
186
188
190
192
194
196
198
200

UTM Station 
N. E.

148.6 -
149.8 -
149.8 -
150.0 -
150.3 -
151.1 -
152.5 -
153.9 -
156.0 -
157.0 -
158.1 -
159.9 -
161.8 -
161.2 -
160.6 -
160.0 -
159.5 -
160.4 -
160.7 -
161.0 -
161.4 -
162.0 -
162.8 -
163.4 -
164.1 -
164.8 -
165.4 -
165.8 -
167.4 -
169.2 -
170.8 -
172.5 -
174.2 -
175.1 -
174.4 -
173.8 -
173.1 -
172.4 -
171.8 -
170.9 -
169.8 -
168.5 -
167.4 -
166.0 -
166.8 -
167.4 -
168.0 -
168.7 -
169.4 -
170.0 -

580.3
580.2
580.8
579.8
579.7
578.0
576.9
575.7
574.0
573.0
571.8
571.9
572.0
570.6
569.2
567.4
566.3
564.6
562.8
561.0
558.7
560.4
562.1
563.9
565.6
567.3
569.1
570.3
569.4
568.5
567.6
566.7
565.8
565.3
563.6
561.9
560.1
558.4
556.7
554.4
555.0
555.7
555.4
555.0
556.9
558.6
560.3
562.0
563.7
565.4

N. Latitude 
Deg. Min.

37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37

28.9
29.6
29.6
29.7
31.3
30.3
31.1
31.8
33.0
33.5
34.1
35.1
36.1
35.8
35.5
35.2
34.9
35.4
35.6
35.7
36.0
36.3
36.7
37.0
37.4
37.8
38.1
38.3
39.2
40.1
41.0
41.9
42.9
43.4
43.0
42.7
42.2
41.9
41.6
41.1
40.5
39.8
39.2
35.2
38.9
39.2
39.6
39.9
40.3
40.6

W. Longitude 
Deg. Min.

122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122

5.5
5.5
5.1
5.8
5.9
7.1
7.8
8.6
9.7

10.4
11.2
11.1
11.1
12.0
13.0
14.2
14.9
16.1
17.3
18.6
20.1
18.9
17.8
16.6
15.4
14.2
13.0
12.2
12.8
13.4
14.0
14.6
15.2
15.5
16.7
17.8
19.1
20.3
21.4
23.0
22.6
22.1
22.3
22.6
21.3
20.1
19.0
17.8
16.7
15.5

11



Table 3b. San Francisco Bay station locations, shallow water, for R/V Estero. 
(N.= north, W.= west, deg.= degrees, min.= minutes)--continued.

Station 
Area Number

Central Bay 252
254
256
258
260
262
264
266
268
270

San Pablo Bay 302
304
306
308
310
312
314
316
318
320
322
324
326
328
330
332
334

Suisun Bay 402
404
406
408
410
412
414
416
418
420
422
424
426
428
430
432
434
436
438

UTM Station 
N. E.

185.6 -
187.0 -
188.0 -
189.7 -
191.3 -
193.1 -
193.0 -
192.8 -
192.7 -
192.5 -

205.2 -
206.9 -
208.8 -
210.7 -
212.2 -
213.5 -
214.7 -
215.2 -
215.7 -
216.3 -
216.7 -
216.9 -
215.3 -
213.5 -
211.8 -
210.1 -
208.4 -

210.2 -
211.2 -
213.3 -
215.0 -
216.7 -
218.0 -
219.3 -
219.0 -
218.8 -
217.9 -
216.7 -
215.4 -
214.8 -
214.0 -
214.3 -
214.5 -
213.3 -
212.5 -
211.5 -

557.3
558.7
559.8
558.8
558.0
557.0
555.1
553.2
551.4
549.5

553.5
552.3
551.1
549.8
548.8
547.9
549.8
551.5
553.3
555.1
556.9
558.6
559.3
560.0
560.7
561.4
562.1

577.5
577.3
579.1
580.5
581.9
582.9
582.3
584.2
586.7
586.2
585.8
588.1
589.5
590.5
592.5
594.6
594.0
593.5
593.0

N. Latitude 
Deg. Min.

37
37
37
37
37
37
37
37
37
37

37
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38

38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38

49.1
49.8
50.4
51.3
52.2
53.1
53.1
53.0
52.9
52.8

59.7
0.6
1.6
2.7
3.5
4.2
4.8
5.1
5.4
5.7
5.9
6.0
5.1
4.1
3.2
2.3
1.4

2.3
2.8
3.9
4.8
5.8
6.5
7.2
7.0
6.9
6.4
5.7
5.0
4.7
4.2
4.6
4.5
3.8
3.3
2.9

W. Longitude 
Deg. Min.

122
122
122
122
122
122
122
122
122
122

122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122

122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122

20.9
20.0
19.2
19.9
20.4
21.2
22.4
23.7
24.9
26.2

23.4
24.3
25.1
25.9
26.6
27.2
25.9
24.8
23.5
22.3
21.1
19.9
19.4
19.0
18.5
18.0
17.5

7.0
7.1
5.9
4.9
4.0
3.6
3.7
2.4
0.7
1.0
1.3

59.7
58.8
58.1
56.7
55.3
55.7
56.1
56.4

12
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Continuous Measurements

Salinity was measured continuously with a flow-sample electrodeless 
induction salinometer. The calibration procedure is described by Dedini and 
others (1981); continuously measured salinities agreed with those measured in 
the laboratory usually within +/- 0.05 salinity units.

All temperatures were measured by linearized thermistor probes inserted 
into the sample stream. The probes were routinely calibrated at ice point and 
near 20 C. Temperature measurements were accurate to approximately +/- 
0.1°C.

The abundance of light-scattering and -absorbing constituents in the 
water, referred to here as turbidity, was measured by a Turner Designs Model 
10 fluorometer equipped with a nephelometry flow cell (R/V Polaris: Schemel, 
1975) and a Turner Designs Model 40 nephelometer (R/V Estero). Instrument 
readings were related to concentrations of suspended particulate matter (see 
below) by linear regression. Turbidity data are expressed as the predicted 
concentrations of suspended particulate matter, but are unitless in the data 
tables to differentiate these semi-quantitative turbidity values from measured 
concentrations.

The pH was determined electrometricallv. Electrodes were calibrated in 
buffer solutions of pH 7.413 and 4.008 at 25 C (Bates, 1954). A temperature 
correction was applied to the data using an average slope of 0.010 pH/ C 
(Harvey, 1957).

The partial pressure of carbon dioxide (pCCO in the water was estimated 
by measuring the CO,, content of air equilibrated with the sample stream. The 
carbon dioxide concentration was determined by an infrared analyzer (Gordon 
and Park, 1972, and Broecker and Takahashi, 1966), and is expressed as ppt (by 
volume) in dry air. These measurements typically agreed within +/- 5 percent 
of those calculated from discrete pH and alkalinity measurements.

Dissolved oxygen was measured with a membrane-covered polarographic 
electrode ( Yellow Springs Instrument Co.). Thermistors within the electrode 
were rewired to compensate for the change in the permeability of the membrane 
with respect to temperature, but not for the relationship between temperature 
and the solubility of oxygen in water. Therefore, the electrode responded to 
the partial pressure of oxygen. Calibrations were performed in air, and the 
data are referenced to the partial pressure of oxygen in air (100 percent). 
These results are considered semiquantitative.

A Turner Designs Model 10 fluorometer measured fluorescence associated 
with chlorophyll-a of phytoplankton, other chlorophylls, and their degradation 
products (Lorenzen, 1966). Data are expressed in relative units, and are 
considered semi -quantitative.

Discrete Sample Measurements

Particulate and dissolved organic carbon was measured by the method of 
Menzel and Vaccaro (1964). Particles were collected on precombusted glass 
fiber filters. Organic carbon was wet oxidized using potassium persulfate in 
sealed glass ampules. The CO* content of each ampule was related to the 
carbon content on the filter oy a standard curve prepared by oxidation of 
standard sucrose solutions. Additional details of the method for particulate 
organic carbon are given by Schemel and Dedini (1979). Estimated precisions 
for dissolved and particulate organic carbon measurements were +/- 0.2 mg/L 
and +/- 0.1 mg/L, respectively (Schemel, 1984b).

A Secchi disk was used to measure the attenuation of light at fixed 
stations. The extinction coefficient (EXT COEF) was calculated as 1.5/d where 
d is the Secchi depth in meters (Perkins, 1975).

Chlorophyll a was measured by the method described by Strickland and 
Parsons (1972). Calculations were based on the trichromatic equation 
recommended by SCOR-UNESCO Working Group 17 (1966). Precision of the analysis 
was +/- 10 percent, as estimated from replicates.
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Concentrations of suspended particulate matter were determined 
gravimetrically. An aliquot of sample water was vacuum filtered through a 
preweighed 47 mm-diameter, 0.45 urn pore-size silver filter. The filter was 
air dried for a minimum of four weeks, then weighed. After additional drying 
time, the filter was reweighed. Corrections were made for the weight of salt 
on the filter, on the basis of experiments where filters were rinsed with 
bicarbonate water and on other experiments where small quantities of 
previously filtered saltwater were filtered. Mean and median deviations were 
typically 1.4 and 0.9 mg/L, respectively (Hager and Harmon, 1984).

Nutrient Measurements

Concentrations of nutrients were measured using a Technicon AutoAnalyzer 
II system. For the continuous measurements on the R/V Estero. the pumped 
sample stream was filtered through a 0.45 urn membrane filter, with vacuum 
supplied by a variable speed tubing pump. The filtrate was delivered to a 3 
mL reservoir from which the AutoAnalyzer continuously drew its sample. 
Because difficulties with the continuous filtration system lead to excessive 
baseline drift, and because of other factors associated with operations on a 
small vessel underway, continuous nutrient measurements are believed to be 
less accurate than those measured from discrete samples.

Discrete samples for dissolved inorganic nutrient analysis were filtered 
through 47mm diameter, 0.4 urn pore-sized Nuclepore polycarbonate membrane 
filters under vacuum (less than 17 kPa). Filtered samples were stored in 30 
mL amber Nalgene linear-polyethylene bottles that had been preconditioned by 
soaking in a 2.5 meq/L solution of sodium bicarbonate. Samples were 
vigorously shaken before analysis.

At some stations, samples were collected for total nitrogen (TN), total 
phophorus (TP), dissolved nitrogen (DN), and dissolved phosphorus (DP). Total 
(unfiltered) and dissolved (gravity-filtered through a glass fiber filter) 
samples were digested using hydrogen peroxide and ultraviolet light prior to 
analysis. The method is described for nitrogen by Hager and Harmon (1984). 
After digestion, samples were analyzed for ammonium, nitrate plus nitrite, and 
dissolved reactive phosphate (subsequently referred to as phosphate) by the 
methods given below. Because the hydrogen peroxide and ultraviolet light 
digestion does not mineralize all forms of nitrogen, and because the "total" 
samples were membrane filtered after digestion prior to analysis removing 
particle-adsorbed phosphorus, TN and TP both could be underestimates of the 
true total amounts of these elements in the sample.

Concentrations of ammonium, nitrate, nitrite, dissolved reactive 
phosphate, and dissolved silica were measured simultaneously on a Technicon 
AutoAnalyzer II system. Analyzer responses were linear over the ranges of 
concentrations encountered in this study. Standard curves were based on 
upscale standards and blanks that were analyzed at two- to four-hour 
intervals. Standards were prepared in artificial river water (1.0 meq/L 
solution of sodium bicarbonate) and artificial seawater (Strickland and 
Parsons (1972). The analyzer was maintained at constant temperature by 
circulating 37 C water through tubes inserted through the centers of the glass 
mixing coils on each manifold.

The ammonium method was an automated version of the phenol-hypochlorite 
method of Solorzano (1969), with color development at 37 C as recommended by 
Berg and Abdullah (1977). This temperature and the increased reaction time 
resulting from the addition of ten-turn coils in place of five-turn coils and 
two additional twenty-turn coils before the heating bath gave maximum color 
development and low blanks. Typical precision was +/- 0.2 umol/L.
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The nitrate + nitrite method was the Technicon (1973) method number AII- 
100-70W with one twenty-turn coil added to increase reaction time for better 
color stability. 0.121 g of copper sulfate was added per 20 liters of 
ammonium chloride solution, as suggested by Connors and Beland (1976). The pH 
of this reagent was not adjusted. Typical precision was +/- 0.1 umol/L. 
Nitrate can be calculated by subtracting the corresponding concentration of 
nitrite from the results of this analysis.

The nitrite method was an adaptation of the Technicon (1973) method 
number AII-100-70W with the cadmium column removed. To fit all five analyses 
for nutrients on a single proportioning pump, the sample-ammonium chloride 
mixture was drawn from the debubbler which preceded the cadmium column in the 
nitrate + nitrite analysis. Typical precision was +/- 0.05 umol/L.

The dissolved silica method was a modification of the Technicon (1976) 
method number AII-105-71W. The acid-molybdate reagent was diluted and its 
flow rate increased, keeping the acid- and molybdate-to-sample ratios 
unchanged. Additional mixing coils were added to give more complete color 
development. Typical precision was +/- 1 umol/L.

The phosphate method was a modification of that of Atlas and others 
(1971), using ascorbic acid (70 g plus 50 mL acetone per liter of solution) as 
a reductant. This modification allowed analysis of samples predigested with 
hydrogen peroxide in ultraviolet light, as described below. To increase 
reaction time for maximum color development, ten-turn coils replaced the five- 
turn coils and a twenty-turn coil replaced the ten-turn coil in the manifold 
design. Typical precision was +/- 0.05 umol/L.

RESULTS

The body of data contained in this report characterizes hydrologic 
conditions in San Francisco Bay during a year with an average rate of 
freshwater inflow to the estuary. These data are also the product of the 
first effort on the part of the U.S. Geological Survey to collect detailed 
measurements in the shallow water areas that compose most of the major sub- 
embayments. To obtain an adequate level of detail, continuous measurements 
were employed on the R/V Estero. when possible. In the case of nutrients, 
concentrations were measured in the flow from a continuous filtration system 
and in discrete samples that were collected simultaneously. We provide here 
details of our quality control on the continuous measurements as provided by 
comparisons with measurements of discrete samples.

Concentrations of nutrients in discrete samples were determined by 
identical methods for both the R/V Polaris and R/V Estero samples. The 
continuous filtration system on the R/V Estero. however, constituted a 
significant change in methodology that might have been more subject to error. 
Thus, we make the assumption that measurements of discrete samples are 
representative of the true values in our analysis of the data. Consequently, 
in linear regression analysis of the data sets we treated the continuous 
values as functions of the discrete-sample values.

Approximately 250 discrete samples were collected over the year on the 
R/V Estero while nutrients were measured continuously. Approximately 20 
percent of these samples were collected in the South Bay (figure la). In some 
cases the ranges of concentrations in the South Bay were different from those 
in the reach of the bay to the north (northern reach), thus affecting the 
distributions of concentration values in the analyses below.
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Concentrations of dissolved silica (discrete-sample) ranged from 3.8 to 
310 uM in the northern reach of the bay, whereas the range in the southern 
reach was limited to 63 to 150 uM (figure 2a). Differences in concentrations 
(expressed here and below as discrete values minus continuous values) were 
generally small, with more than 50 percent of the differences less than 5 uM. 
Linear regression analysis yielded a coefficient of determination (r ) of 
0.99, an intercept of 3.3 uM, and a slope of 0.95.

Concentrations of phosphate (discrete-sample) ranged from 1.3 to 4.4 uM 
in the northern reach, which was narrow in comparison with that of 2.2 to 19.0 
uM in the southern reach (figure 2b). Differences in concentrations were 
generally small, with more than 50 percent of the differences less than 0.2uM. 
Five samples from the southern reach exibited large differences, with 
continuous values between 2 and 8 uM higher than discrete-sample values. 
These values were included in the linear regression analysis, which yielded a 
coefficient of determination of 0.90. The intercept and slope values were 
0.29 uM and 0.99, respectively.

Concentrations of nitrate plus nitrite (discrete-sample) ranged from 
near zero to 53 uM in the northern reach, and from 2.3 to 64 uM in the 
southern reach (figure 3a). Differences in concentrations were generally 
small, with more that 50 percent of the differences less than 1.0 uM. Nine 
samples showed large differences where discrete-sample values exceeded 
continuous values by 6 uM or more. In spite of these outliers, linear 
regression analysis of all the data yielded a coefficient of determination of 
0.98. The intercept and slope values were 1.4 uM and 0.90, respectively. The 
low slope value was in part an effect of the outliers, all of which exceeded 
50 uM in concentration.

Concentrations of nitrite (discrete-sample) were low in both reaches, 
exhibiting a range from nearly zero to approximately 2.3 uM (figure 3b). 
Nitrite is an intermediate product in the nitrification of ammonium to 
nitrite, a factor that could be responsible for differences between continuous 
values and values from discrete samples, which were stored for a period of 
time before analysis. Differences in concentrations were generally small, 
with more than 50 percent of the differences less than 0.2 uM. However, many 
samples with higher than average concentrations showed large differences. 
Continuous values from two samples from the northern reach exceeded the 
discrete-sample values by 1.96 and 2.05 uM, and four discrete-sample values 
from the southern reach exceeded the continuous values by 0.9 uM or more. 
Consequently, linear regression analysis of all the data yielded a coefficient 
of determination of only 0.55 and a very low value for slope, 0.74.

Concentrations of ammonium (discrete-sample) ranged from near zero to 
14.2 uM in the northern reach, and from near zero to 8.3 uM in the southern 
reach (figure 4). Over 50 percent of the differences between values were less 
than 0.3 uM. Linear regression analysis yielded a coefficient of 
determination of 0.87, an intercept of 0.12 uM, and a slope of 1.0.

Numerical values for all measurements are listed in tables A and B in 
the appendix.
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